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SUMMARY

Background/Aim. The metabolism and effects of the abuse of psychoactive substances are not yet fully
understood, but it is evident that they represent a tremendous risk to the health of individuals. This paper
aims to present a review of published results on the impact of psychoactive substance abuse on kidney
function.

Methodology. PubMed and MEDLINE databases were used to search the literature related to drug abuse
and its effects on renal function.

Results. For this study, we found 79 human studies that aimed to present a summary of published results
on the impact of psychoactive substance abuse on kidney function. Renal manifestations of specific illicit
drug abuse were included in this review.

Conclusion. Understanding the nephrotoxicological profile caused by the use of psychoactive substances
is the basis for adequate risk assessment and improvement of the treatment of consequential kidney
disorders.
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INTRODUCTION

Prevalence of the use of psychoactive substan-
ces worldwide and their impact on health

Over the last 30 years, the number of recre-
ational drug users appears to have increased. In
1997, an average of 25% of the world's population
stated that they had used illegal drugs at some point
in their lives, and 10% in the last year (1, 2). The
growing number of drug users worldwide (about
269 million in 2018) represents a global public health
problem. This number is predicted to reach close to
300 million by 2030. Therefore, controlling drug
abuse has become a challenge for researchers and
public health policymakers (3, 4). Tobacco, alcohol,
and illicit drugs are among the top 20 risk factors for
ill health identified by the World Health Orga-
nization. It is estimated that tobacco is responsible
for 8.8% of all deaths and for 4.1% of the global
burden of all diseases, which is measured as the
number of years spent living with a disease, while
alcohol is responsible for 3.2% of deaths and 4% of
disability-adjusted life years (5, 6).

Drug abuse primarily damages the brain and
has psychotropic effects (impairment of memory and
cognition, psychosis, anxiety). The toxic effects of
psychoactive substances are also manifested in other
organs, including the kidneys, which are responsible
for the filtration, concentration, and partial metabo-
lism of these substances, creating potentially toxic
metabolites. Since most psychoactive substances are
excreted through the kidneys, the metabolites of
these substances have a direct nephrotoxic effect (3,
4).

METHODOLOGY

At the beginning of 2023, research was carried
out in databases PubMed and Web-of-Science
(Medline), from January 1, 2004 to September 30,
2022, to search for publications related to drug abuse
and its effects on renal function. We employed data-
base-specific search strategies with multiple key-
words: abuse, psychoactive substances, kidney dis-
ease, nephrotoxicity, and complications.

SEARCH STRATEGY

After the initial search, all articles were re-
trieved and reviewed by the first author, where
initial duplicate screening and removal were done.

Publications that report on the effect on kidney func-
tion about the keywords were selected. The results
were summarized descriptively and organized
within each category of psychoactive substances; a
general description of the study characteristics of
findings organized by sub-themes inductively de-
rived from the data. The sub-themes within each ca-
tegory are as follows: the influence of psychoactive
substances on kidney function, description of the
individual effects of the most commonly used psy-
choactive substances on kidney function, heroin,
morphine, cocaine, ecstasy, mushrooms, cannabis,
marijuana, methamphetamine, smoking cigarettes,
solvents, glues, varnishes, alcohol, anabolic andro-
genic steroids, new psychoactive substances. Of the
selected publications, that we used for literature, the
largest number were reviews and original papers,
books, case reports, case series, systematic reviews,
recommendations, and editorial comments, which
correlated with our search. Publications that were
written in English and Serbian language, that re-
ported renal injury due to illicit drug use, were se-
lected.

RESULTS

After excluding ineligible manuscripts, we
found 76 human studies that aimed to present a
summary of published results on the impact of psy-
choactive substance abuse on kidney function. Out
of 76 papers, there were: 10 case reports, 4 case se-
ries, 18 original papers, 35 review papers, 1 book, 2
recommendations, 4 systematic views, and 2 edi-
torial comments. Renal manifestations of specific il-
licit drug abuse were included in this review.

The pathophysiological mechanism of
influence of psychoactive substances on
kidney function

The majority of psychoactive substances are
excreted through the kidneys and renal complica-
tions of drug abuse that include a wide range of
glomerular, interstitial, and vascular diseases are
very common. The damage may be acute and re-
versible or chronic and can lead to end-stage renal
failure. The involvement of the kidney due to drug
abuse is either attributed to their elimination
through the kidney or a direct nephrotoxic effect.
Opioids produce physiological changes in the kid-
ney; endorphins along with other opioid peptides
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participate in the development of uremic syndrome.
Exogenous opioids like morphine and heroin pro-
duce renal injuries and can cause progressive chro-
nic renal failure, and tubular epithelial cell dege-
neration. Overdose of morphine increases the oxi-
dative stress in the renal epithelium which leads to
renal injury. Heroin abuse is also responsible for
several renal complications. Cocaine abuse may
cause interstitial fibrosis, renal atherogenesis, glo-
merulosclerosis, renal infarction, electrolyte imbalan-
ce, acute renal failure, and urinary tract infections.
Chronic exposure to nicotine increases the severity
of acute renal ischemia-reperfusion injury, which
may be due to increased oxidative stress in renal
cells or due to the involvement of angiotensin II type
1b receptor found in kidneys. Both acute and chronic
alcohol consumption can compromise kidney func-
tion and its consumption has been shown to reduce
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renal function. Alcohol consumption is a probable
risk factor for end-stage renal disease (7). and
tubulopathy occur as a result of abuse of cocaine,
heroin, amphetamines and derivatives, synthetic
cannabinoids, and cathinone, which can lead to
exceeding the capacity of tubular reabsorption and
acute tubular necrosis. Cases of acute interstitial
nephritis have been described in people who cons-
ume ecstasy (8 - 10) (Table 1).

We can conclude that kidney diseases, under
the influence of psychoactive substances, can be
classified damaged kidney
compartment and are manifested by glomerular,
tubular, and vascular lesions, with serious clinical

according to the

manifestations concerning kidney functions (Table 2)

3).

Table 1. Nephrotoxicity of psychoactive substance abuse

Heroin
kidney disease.

Nephrotic syndrome, amyloidosis, urinary abnormalities, acute
kidney disease (rhabdomyolysis), and various degrees of chronic

Cocaine

Acute and chronic kidney damage, kidney infarction, aneurysm
dissection and rupture, electrolyte imbalance, and urinary tract
infection in infants exposed to cocaine in utero. Acute kidney
disease in pregnancy due to placental abruption and pre-eclampsia.

Ecstasy

Rhabdomyolysis, disseminated intravascular coagulopathy,
hyponatremia, a wide range of urinary disorders, acute tubular
necrosis and acute interstitial nephritis, and acute kidney disease
(nontraumatic rhabdomyolysis).

Mushrooms

Acute kidney failure, progression of chronic renal failure.

Morphine

Acute kidney disease (rhabdomyolysis), increased the risk of
progression of chronic renal failure.

Cannabis and

marijuana failure.

Acute kidney injury, development and progression of chronic renal

Methamphetamine

Prerenal acute renal failure, progression of chronic kidney disease.

Smoking cigarettes

Cancer and kidney damage.

Solvents, glues,

Microhematuria, pyuria, proteinuria, distal tubular acidosis, and

varnishes,... various forms of tubulointerstitial changes.

Alcohol Increased risk of acute and chronic renal failure, renal papillary
necrosis, and IgA nephropathy.

Anabolic Increase in serum creatinine, proteinuria, glomerular damage,

androgenic steroids

acute and chronic interstitial nephritis.

New psychoactive
substances

Acute kidney disease, reduction of renal perfusion, acute tubular
necrosis, glomerular damage.
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Table 2. Classification of psychoactive substances according to the site of renal compartment damage and
their clinical manifestations (revised by reference 3)

MPGN: Mesangioproliferative glomerulonephritis
FSGN: Focal Segmental glomerulosclerosis

ATN: Acute tubular necrosis

AIN: Acute interstitial nephritis

LSD: D-lysergic acid diethylamide

PCP: Drugs like phencyclidine

DESCRIPTION OF THE INDIVIDUAL
EFFECTS OF THE MOST COMMONLY
USED PSYCHOACTIVE SUBSTANCES ON
KIDNEY FUNCTION

Heroin

Diacetylmorphine, diamorphine (heroin), the
most commonly abused psychoactive substance,
may result in several renal complications. A spec-
trum of glomerular abnormalities including focal
segmental glomerulosclerosis, amyloidosis, focal
glomerular sclerosis, minimal change disease, me-
sangial proliferation, and membranoproliferative

Locati f th
ocation of the Psychoactive substance Clinical manifestations

change

Cocaine Atherosclerosis, Malignant hypertension, Renal
Renal vessels artery dissection and thrombosis, Necrotizing
(perfusion) vasculopathy

Synthetic cannabinoids Decrease in renal blood flow

Heroin MPGN, FSGN, Minimal change disease, sclerosing

. . . glomerulonephritis, secondary amyloidosis
Anabolic androgenic steroids
. FSGS

Non heroin abuse

Glomerulus (Oxymorphone)
ymorpn Thrombotic microangiopathy
Amphetamines .. -
. . . Focal or segmental necrotizing glomerulonephritis
Cocaine with levamisole . . .\
pauci immune crescentic glomerulonephritis
Anabolic steroids ATN, Rhabdomyolysis, Bile casts, AIN
Synthetic cannabinoids ATN, Tubulointerstitial nephritis, and uveitis
syndrome

Cocaine ATN, Rhabdomyolysis

Heroin Rhabdomyolysis, Acute tubular necrosis
Tubulointerstitium LSD, PCP Rhabdomyolysis

Amphetamines Rhabdomyolysis, AIN, Hyponatremia

Bath salts Rhabdomyolisis, Hyperuricemia

Magic mushrooms Rhabdomyolysis, AIN

Toluene Non-anion gap metabolic acydosis, AIN

glomerulonephritis were reported in heroin users
with renal disease (11).

Heroin use has been known to cause nephro-
pathy, a term known as heroin-associated nephro-
pathy. It was postulated that chronic use of heroin or
its vehicle incites an undefined response which leads
to focal glomerulosclerosis with glomerular IgM
deposition, resulting in nephrotic syndrome (12).

A recent case series from San Francisco re-
ported 24 patients with biopsy-proven kidney amy-
loid A amyloidosis; all were chronic heroin users
and many had recurrent skin infections (13). On the
other hand, the plurality of case series describing
amyloid A amyloidosis in the kidneys has reported
an exceedingly low frequency of heroin use. Among

Acta facultatis medicae Naissensis 2024; 41(2):



374 patients referred to the United Kingdom Na-
tional Amyloidosis Center from 1990 to 2005, the
prevalence of injection drug use was only 4% (14).

Proliferative glomerulonephritis with immune
complex deposition is also described in heroin users.
Patients present with hematuria, proteinuria, and
kidney failure. Low complement levels are typically
present, and most often it is presented as a mem-
branoproliferative glomerulonephritis, most likely as
a result of chronic viral or bacterial infections due to
contamination in a heroin user (15).

It is estimated that the risk of developing kid-
ney dysfunction is three times higher in heroin users
compared to non-users. It is estimated that the de-
velopment of hypertension and renal insufficiency of
varying degrees, proteinuria, glomerulosclerosis,
and urinary abnormalities occurs within a period of
several months to 15 years from the start of heroin
use. Heroin overdose causes rhabdomyolysis, myo-
globinemia renal failure and consequent acidosis,
systemic hypoxia, muscle compression, and direct
toxic and immunological effects. The same effect has
been reported in overdose-induced coma leading to
pressure-induced muscle damage and rhabdomyol-
ysis with consequent hypotension, hypoxia, acidosis,
and dehydration. Renal complications associated
with heroin may be due to both immune hyper-
sensitivity reaction or a direct myotoxic effect (15).

Morphine

Clinical studies suggest that morphine addicts
have an increased risk of progressive chronic renal
failure due to urinary excretion of its metabolites.
Morphine overdose causes rhabdomyolysis which
causes acute renal failure. Chronic administration of
morphine causes an increase in the level of urea, uric
acid, and creatinine in the serum. Consequently, in-
creased levels of these end products of nitrogen
metabolism cause kidney damage with long-term
morphine intake (7, 16).

Cocaine

Cocaine abuse results in both acute and chro-
nic kidney damage, including acute kidney disease,
renal infarction, electrolyte imbalance, and urinary
tract infection in infants exposed to cocaine in utero.
Acute tubular necrosis caused by cocaine can be a
consequence of acute rhabdomyolysis. The patho-
physiology of cocaine-induced rhabdomyolysis may
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include ischemia, hyperthermia, direct cocaine
toxicity to muscle cells, and disseminated intra-
vascular coagulation. Cocaine abuse causes acute
kidney disease by precipitating/accelerating malig-
nant hypertension and acute interstitial nephritis
caused by cocaine intoxication. Cocaine-induced
activation of the renin-angiotensin system may be
responsible for fibrosis in mesangial tissue, increased
aggregation,
whereas endothelial and vasospastic injury may
contribute to renal infarction. Results from experi-
mental studies as well as autopsy findings indicate
that cocaine leads to the acceleration of athero-
genesis. Endothelin and other
factors also contribute to the development of
changes in blood vessels. Clinically, cardiovascular
symptoms with elevated blood pressure are common
findings in patients with acute cocaine intoxication
(17).

As the kidneys require a rich blood supply for

platelet thromboxane  synthesis,

vasoconstrictive

optimal functioning, vasoconstriction is one of the
main mechanisms underlying cocaine-induced kid-
ney injury (17). Because of this, cocaine users are
about 19 times more likely to develop kidney disease
and 9 to 10 times more likely to develop end-stage
renal disease as a result of hypertension (18). How-
ever, the overall exact mechanism of cocaine-
induced injury and the resulting pathology remains
unclear (19).

Ecstasy

The clinical picture of ecstasy (methylene-
dioxymethamphetamine-MDMA) abuse, in addition
to symptoms of psycho-neurological manifestations
(euphoria, alertness, increased energy and en-
durance with reduced fatigue, muscle tension, rest-
headache,
hallucinations, anxiety, and possible psychosis) also

lessness, nausea, anorexia, insomnia,
leads to hyperpyrexia. An increase in temperature is
the basis of systemic manifestations of MDMA use,
including rhabdomyolysis, disseminated intravas-
cular coagulopathy, and hepatotoxicity, very often
hyponatremia with life-threatening complications
(20).

Likewise, abuse of ecstasy is manifested by
nausea, vomiting, pain in the stomach or back, diar-
rhea, and in the urinary system with a wide range of
changes in urinalysis, acute tubular necrosis, and
acute interstitial nephritis in the form of acute kid-

ney disease. Acute tubular necrosis caused by isch-
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emia resulting from hypovolemia is considered a
probable mechanism. Ecstasy is associated with a
spectrum of nephrotoxic effects, including acute kid-
ney disease and hyponatremia (21).

Mushrooms

Kidney failure caused by mushrooms can re-
sult from severe dehydration or directly from spe-
cific damage caused by the mushroom's toxin. Early
syndromes that develop in less than 6 hours in the
form of nausea and vomiting are usually associated
with good prognosis. Delayed syndromes carry a
greater risk of health damage due to organ failure,
with the liver and kidneys being the most commonly
affected (22, 23).

Mushrooms, in their composition, contain the
nephrotoxic substance orellanine, which can delay
their effect, so oliguria can develop only 5 - 12 days
after taking them (22). Orellanines show a high renal
tropism, inhibiting protein synthesis in tubular cells.
Orellanine degradation produces oxygen free radi-
cals and glutathione depletion. Orellanines remain in
renal tissue for up to 6 months after intake. In hu-
mans, symptoms gradually develop over 2 — 20 days
after ingestion. Clinical presentation starts with
digestive symptoms (nausea, vomiting, and diar-
rhea) and headache, anorexia, and chills within 24 -
36 hours after the mushroom ingestion. Orellanine
inhibits protein synthesis and generates free oxygen
radicals, leading to tubulo-interstitial nephritis (22).

Hemodialysis is not effective in eliminating
mycotoxins and is indicated only in cases of severe
acute kidney injury (22).

Cannabis, marijuana

The word "cannabis" refers to all products
obtained from the Cannabis sativa plant. There
remains limited information on the specific effects of
endocannabinoids on renal hemodynamics, inclu-
ding the control of blood flow parameters and its
direct effect on blood pressure (19, 24).

The cannabinoid hyperemesis syndrome is
rare (25, 26) and can lead to the complications like
metabolic alkalosis, hypokalemia, acute kidney in-
jury, or injuries of the esophagus. Major features for
diagnosis of cannabinoid hyperemesis syndrome are
severe cyclic nausea and vomiting, resolution with
cannabis cessation, relief of symptoms with hot
showers or baths, and abdominal pain (27, 28).

Several cases of acute kidney injury are asso-
ciated with the use of synthetic cannabinoids that
can be nephrotoxic, causing nausea, vomiting, and
flank pain. Cannabis dependence or abuse in the
year before kidney transplantation was not shown to
be associated with death or transplant failure in the
year after transplantation. On the other hand, can-
nabis abuse is associated with an approximately
two-fold increased risk of death-censored graft
failure, all-cause graft loss, and death within two
years of initiation of use. Nevertheless, it must be
emphasized that cannabis use by kidney donors has
not shown any negative effects on donor or recipient
glomerular filtration rate after transplantation (29).

Based on the evidence detailing the physio-
logical and pathophysiological effects of cannabis
use, it is likely that individuals who use these sub-
stances may develop acute and chronic renal failure.
Unfortunately, there is still a lack of epidemiologic
observations from cohort studies regarding the
potential renal effects of cannabis use. Biopsy reports
indicate acute tubular necrosis, and less commonly
acute interstitial nephritis has been observed. A
systematic review that included the majority of
randomized controlled trials showed that the use of
cannabis for an average of two weeks did not lead to
serious side effects, and no cases of acute kidney
injury were recorded. Information on the effects of
cannabis and cannabinoid use on the development
and progression of chronic renal failure is also very
limited. In a cohort of 647 patients interviewed about
illicit drug use, those who consumed any type of
illicit substance were found to have a significantly
higher risk of mild decline in kidney function over a
seven-year follow-up period, while the same associa-
tion was not demonstrated individually for mari-
juana (30).

Methamphetamine

More serious complications of methampheta-
mine use, except, aggression, paranoia, hallucina-
tions, tachycardia, hypertension, headaches, tremors,
and gastrointestinal irritation, include myocardial
infarction, epileptic seizures, acute liver failure,
disseminated intravascular coagulation, and hyper-
thermia. Hemodynamic instability can lead to pre-
renal acute renal failure due to fluid volume de-
pletion and ischemic acute tubular necrosis. Rhabdo-
myolysis, which is the most common cause of acute
renal failure in users of psychoactive substances,
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occurs as a consequence of pigmented nephropathy
(31).

The effects of methamphetamine on the kid-
neys can be divided into three groups: vascular
effects, nontraumatic rhabdomyolysis, and direct
nephrotoxicity. In addition, research has shown that
methamphetamine directly stimulates the release of
endothelin-1. Endothelin-1 stimulates vasoconstric-
tion, inflammation, and fibrosis, causing hyperten-
sion, arteriosclerosis, and chronic kidney disease.
Often, the effect of methamphetamine on the kidney
is indirect through vascular, prerenal effects, and
rhabdomyolysis. A direct effect of methampheta-
mine on the kidneys, such as acute tubular necrosis,
rarely occurs. Donor kidneys from methampheta-
mine abusers should be carefully evaluated before
transplantation (31, 32).

Smoking cigarettes

The specific mechanism by which smoking
damages kidney function is still unknown. It is as-
sumed that the basis of the damage is increased
blood pressure and changes in glomerular pressure,
as well as chronic injuries such as endothelial cell
dysfunction. These mechanisms can affect glomeru-
lar filtration function and kidney microvessel
damage (33).

Sufficient clinical research evidence indicates
that smoking is a risk factor for kidney damage.
These damages are especially pronounced in people
with hypertension and type 2 diabetes where it has a
synergistic effect (34).

Some studies indicate that avoiding smoking
can effectively prevent the development of kidney
cancer (35), and recent studies have shown that the
success rate of kidney transplantation was signifi-
cantly lower in smokers (36 - 38). Exposure to se-
condhand smoke is associated with reducing kidney
function (39), however, there was no significant
evidence of a greater impact of active smoking on
kidney function (40). The association of secondhand
smoke exposure with chronic kidney disease is still
questionable (41). Smoking can cause chronic endo-
thelial dysfunction, oxidative stress, and glomerular
hardening which impairs renal function (42, 43). It is
not well known whether reducing or quitting smo-
king can slow the progression of chronic kidney
disease.

Adverse effects of smoking on kidney function
have been demonstrated among the general popu-
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lation and the population with chronic kidney
disease. In the Cardiovascular Health Study, a dose-
dependent association of smoking with serum crea-
tinine was demonstrated. Namely, for every 5 ciga-
rettes smoked per day, the level of serum creatinine
increases by 0.3 mg/dl (44). In patients with type 1
diabetes, the rate of decline in glomerular filtration
rate was observed to be 4.3 times higher in smokers
compared to non-smokers (45).

Solvents, glues, varnishes

The nephrotoxic effects of volatile adhesives
seem to be a consequence of the effect, above all, of
toluene. Numerous kidney lesions have been iden-
tified as a consequence of its misuse: microhematu-
ria, pyuria, proteinuria, distal tubular acidosis and
Fanconi syndrome, calculus, glomerulonephritis,
Goodpasture syndrome, acute tubular necrosis,
hepatorenal syndrome, and acute and chronic
interstitial nephritis. It is assumed that toluene
achieves a nephrotoxic effect by affecting the tubu-
lointerstitial feedback loop. Consecutive tubular aci-
dosis mobilizes calcium from the bones, hyper-
calciuria, and consequent calculus of the urinary
tract (46).

Alcohol

Alcohol use reduces kidney function by pro-
moting interstitial edema and kidney hypertrophy.
Chronic alcohol abuse increases the risk of acute
renal failure and leads to the development of renal
papillary necrosis. Alcohol consumption may in-
crease the risk of kidney failure by initiating and/or
promoting atherogenic risk factors, such as high
blood pressure, hyperuricemia, insulin resistance,
and diabetes. Alcohol plays an important role in the
development of rhabdomyolysis. Electrolyte abnor-
malities caused by alcohol intake are also important
for muscle damage. Ethanol intoxication involves
water-electrolyte and acid-base imbalance with ex-
cessive excretion of calcium, magnesium, and
phosphate in the urine, which leads to the develop-
ment of metabolic acidosis, hypomagnesemia, hypo-
calcemia, and hypophosphatemia (3, 47).

Anabolic androgenic steroids

Damage from years of high androgen intake,
often 50 - 100 times the physiological level, is a sig-
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nificant cause of chronic kidney disease. With the
abuse of anabolic androgenic steroids, a variable in-
crease in serum creatinine and significant proteinu-
ria were registered. The mechanism of kidney da-
mage is probably multifactorial. Hyperfiltration
injury is an important factor. Patients with markedly
elevated lean body mass require an increase in
glomerular filtration rate in one nephron, similar to
patients with obesity-related glomerulopathy. The
most commonly reported renal adverse events in
patients using anabolic androgenic steroids are focal

segmental glomerulosclerosis, nephroangiosclerosis,
chronic interstitial nephritis, and acute interstitial
nephritis (3).

New psychoactive substances

New psychoactive substances, or designer
drugs, are produced with the intent that they will
elicit feelings of euphoria similar to those experien-
ced with the use of controlled substances (Table 3)
(48, 49).

Table 3. Nephrotoxicity of designer drugs and their systemic effect (revised by reference 3)

At f desi
dru}:gp © ot destgnet Compound Nephrotoxic effect Systemic effects
Methamphetamine Prerenal AK], A,TN
Rhabdomyolysis - 2 and fibrinolvsi
Prerenal AKL, ATN yperpyrexia and fibrinolysis
) (disseminated intravascular
Rhabdomyolysis . .

. coagulation), microvascular
Amphetamine Hepatorenal syndrome obstruction. mvoelobinuria
derivatives MDMA Malignant hypertension 1on, Myog” ’

.. . systemic hypotension or
Necrotizing vasculitis .
. hyperpyrexia, acute renal
Acute tubular injury .
. failure
Hyponatraemia
251-NBOMe Prerenal AKI, ATN
Prerenal AKI, ATN
Phenvlpiperazine Rhabdomyolysis Hyperthermia, renal failure,
) y p peraz BZP and TEMPP Acute interstitial nephritis disseminated intravascular
derivatives .
Glomerulopathy coagulation
Hyponatraemia
. MDPV and Prerenal AKI, ATN Hyperthermia, renal failure,
Synthetic cathinone . disseminated intravascular
mephedrone Rhabdomyolysis .
coagulation
Synthet.lc ' 59-THC derivatives Prerenfal AKI., ATN 3 Hyperthermia, dehydrat.lon,
cannabinoids Acute interstitial nephritis muscle damage, renal failure
PCP Rhabdomyolysis
NMDA Uric acid n'ephrf)pathy Acute and chronic renal
. . Lower genitourinary pathology . . .
receptorantagonists | Ketamine . diseases, fibrogenesis
Obstructive nephropathy
Papillary necrosis
Dehydration, hypotension,
Synthetic opioids Oxymorphone Thrombotic thrombocytopenic rhabd'omyolysis., ur'inary
purpura retention, chronic kidney
disease, amzloidosis

8°-THC, d 9-tetrahydrocannabinol, 251-NBOMe, 4 iodo 2,5-dimethoxy N-(2-methoxybenzyl) phenethylamine, AKI: acute
kidney injury, ATN, acute tubular necrosis, BZP: N benzylpiperazine, DMA: 3,4-methylenedioxymethamphetamine,
MDPV: 3,4-methylenedioxypyrovalerone; mephedrone, 4 methylcathinone, NMDA: N methyl-d aspartate, PCP,:
phencyclidine, TEMPP: trifluoromethylpheylpiperazine
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Designer drugs have substantial potential to
induce adverse effects or overdose in users. Neuro-
logical, psychiatric, and cardiovascular abnormali-
ties associated with these substances have been re-
ported as well as renal and electrolyte disturbances.
There is a wide spectrum of nephrotoxic effects of
designer drugs and their systemic effect: prerenal
acute renal failure, acute tubular necrosis, rhabdo-
myolysis, malignant hypertension, necrotizing vas-
culitis, acute tubule injury, acute interstitial neph-
ritis, hyponatremia, uric acid nephropathy, obstruc-
tive nephropathy, papillary necrosis, thrombotic
thrombocytopenic purpura, hepatorenal syndrome,
glomerulopathy (Table 3) (3, 50). Prerenal and post-
renal forms of kidney injury are the result of extrar-
enal disorders such as hypovolemia, hypoperfusion,
or obstruction of the urinary tract. New psychoactive
substances are known for their negative inotropic
effects, which can cause a decrease in renal blood
flow. Intrinsic causes of acute renal failure are
related to tubular, glomerular, interstitial, or vas-
cular damage. Acute tubular necrosis is a leading
cause of acute renal failure and may be associated
with rhabdomyolysis. However, the exact mecha-
nisms of kidney damage due to abuse of new psy-
choactive substances remain unknown even today
(51).

The increasing use of designer drugs means
that clinicians must be aware of the clinical pre-
sentation and associated end-organ toxicity. Nephro-
toxicity from designer drug use should be con-
sidered in the differential diagnosis of any patient
with acute kidney injury of unknown or unclear
etiology whether or not there is direct nephrotoxicity
due to the drug, an adulterant, or a systemic com-
plication. As new drugs are developed and classes of
designer drugs and their derivatives expand, cli-
nicians and other healthcare providers need to
recognize the potential for kidney injury with the
use of designer drugs (3).
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CONCLUSION

Abuse of psychoactive substances is a grow-
ing global problem. It is, therefore, a challenge for
researchers and social policymakers to design multi-
sectoral responses to prevent or reduce harm from
their misuse. Even though previous studies have
somewhat clarified the specific mechanism of renal
function impairment caused by the use of psycho-
active substances, significant dilemmas remain. They
primarily relate to the effects of abuse of multiple
psychoactive substances and the use of psychoactive
substances in persons with certain comorbidities or
infections, especially infections with hepatotropic
viruses. That is why constant education and research
are necessary to fully understand the mechanism of
kidney damage caused by the abuse of psychoactive
substances. It is extremely important to understand
the nephrotoxicological profile of psychoactive sub-
stances, which is the basis for improving the risk as-
sessment as well as the treatment of substance use
disorders. Given that clinicians are not always suf-
ficiently aware of the risks associated with the use of
psychoactive substances, there is an untimely iden-
tification of potential users and damage to their
health. That is why it is necessary to timely and
adequately inform health and social workers about
the harmfulness of psychoactive substances, possible
psychopathological risks, the modalities of taking
and the effect of these substances, their impact on
psychosomatic health, as well as different treatment
protocols.

Disclosure Statement

The authors declare that there is no conflict of
interest.

The work is, in the form of an oral presen-tation,
presented at the 20" Congress of the Serbian Medical
Society, Belgrade, 2022 (Invited Lectures).

Acta facultatis medicae Naissensis 2024; 41(2):



Review article

References

. Popovi¢ SP. Droga i ljudsko ponasanje. Beograd
2019; ISBN 978-86-6048-003-5 (in Serbian).

. Marc-Antoine C. Historical and cultural aspects of
man's relationship with addictive drugs.
Dialogues Clin Neurosci 2007;9(4):355-361.
https://doi.org/10.31887/DCNS.2007.9.4/macrocq

. Luciano RL, Perazella MA. Nephrotoxic effects of
designer drugs: synthetic is not better! Nat Rev
Nephrol 2014;10(6): 314-24.
https://doi.org/10.1038/nrneph.2014.44

. Silva JP, Carmo H, Carvalho F. Drugs of abuse
and kidney toxicity. Current
Toxicology 2022;32. 100360.

https://doi.org/10.1016/j.cotox.2022.100360

Opinion in

. Rehm ], Manthey ], Shield KD, Ferreira-Borges C.
Trends in substance use and in the attributable
burden of disease and mortality in the WHO
European region, 2010-16. Eur ] Public Health
2019;29(4):723-8.
https://doi.org/10.1093/eurpub/ckz064

. Whiteford HA, Degenhardt L, Rehm ], et al.
Global burden of disease attributable to mental
and substance use disorders: findings from the
Global Burden of Disease Study 2010. Lancet 2013;
9;382(9904):1575-86.
https://doi.org/10.1016/S0140-6736(13)61611-6

. Singh VP, Singh N, Jaggi AS. A review on renal
toxicity profile of common abusive drugs. Korean
J Physiol Pharmacol 2013;17(4):347-57.
https://doi.org/10.4196/kjpp.2013.17.4.347

. Gully M, Frauger E, Spadari M, et al. Effets uro-
néphrologiques des produits utilisés par les
usagers de drogues: revue de la littérature et
enquéte pharmaco-épidémiologique en France et
dans la région de Marseille.
Néphrologie&Thérapeutique 2017;13(6):429-38.
https://doi.org/10.1016/j.nephro.2017.01.024

10.

11.

12.

13.

14.

15.

16.

. Hollander

Joseph H, Jennifer S. Cannabinoid hyperemesis
acute renal failure: A common sequela of
cannabinoid hyperemesis syndrome. Am ] Emerg
Med 2014; 32(6): 690.e1 - 690.e.
https://doi.org/10.1016/.ajem.2013.12.013

Berney-Meyer L, Putt T, Schollum ], Walker R.
Nephrotoxicity of recreational party drugs.
Nephrology 2012; 17(2): 99-103.
https://doi.org/10.1111/§.1440-1797.2011.01537.x

Turgutalp K, Kiykim A, Karabulut U. Reversible
minimal change nephrotic
glomerular IgA deposition
nonparenteral heroin abuse: a case report. Med
Princ Pract 2012; 21(5):492-4.
https://doi.org/10.1159/000337941

syndrome and

associated with

Mansoor K, Kheetan M, Shahnawaz S, et al.
Systematic review of nephrotoxicity of drugs of
abuse, 2005-2016. BMC Nephrol 2017; 18: 379.
https://doi.org/10.1186/s12882-017-0794-0

Lejmi H, Jen KY, Olson JL, et al. Characteristics of
AA amyloidosis patients in San Francisco.
Nephrology (Carlton) 2016; 21: 308-13.
https://doi.org/10.1111/nep.12616

Lachmann HJ, Goodman H]J, Gilbertson JA, et al.
Natural history and outcome in systemic AA
amyloidosis. N Engl ] Med 2007; 356: 2361-71.
https://doi.org/10.1056/NE[Mo0a070265

Sethi S, Fervenza FC. Membranoproliferative
glomerulonephritis--a new look at an old entity. N
Engl ] Med 2012; 366: 1119-31.
https://doi.org/10.1056/NE]Mral1108178

Novick T, Liu Y, Alvanzo A, et al. Lifetime
Cocaine and Opiate Use and Chronic Kidney
Disease. Am ] Nephrol 2016; 44:447-53.
https://doi.org/10.1159/000452348

JE, Henry TD. Evaluation and
management of the patient who has cocaine-
associated chest pain. Cardiol Clin 2006; 24:103-14.

Acta facultatis medicae Naissensis 2024; 41(2):


https://doi.org/10.31887/DCNS.2007.9.4/macrocq
https://doi.org/10.1038/nrneph.2014.44
https://doi.org/10.1016/j.cotox.2022.100360
https://doi.org/10.1093/eurpub/ckz064
https://doi.org/10.1016/S0140-6736(13)61611-6
https://doi.org/10.4196/kjpp.2013.17.4.347
https://doi.org/10.1016/j.nephro.2017.01.024
https://doi.org/10.1016/j.ajem.2013.12.013
https://doi.org/10.1111/j.1440-1797.2011.01537.x
https://doi.org/10.1159/000337941
https://doi.org/10.1186/s12882-017-0794-0
https://doi.org/10.1111/nep.12616
https://doi.org/10.1056/NEJMoa070265
https://doi.org/10.1056/NEJMra1108178
https://doi.org/10.1159/000452348

18.

19.

20.

21.

22.

23.

24.

25.

26.

https://doi.org/10.1016/j.ccl.2005.09.003

Miric D, Kisic B, Stolic R. The Role of Xanthine
Oxidase in Hemodialysis - Induced Oxidative
Injury: Relationship with Nutritional Status. Oxid
Med Cell Long 2013; 2013:245253.
https://doi.org/10.1155/2013/245253

Pendergraft WF, Herlitz LC, Thornley-Brown D,
et al. Nephrotoxic Effects of Common and
Emerging Drugs of Abuse. CJASN 2014; 9(11):
1996-2005.

https://doi.org/10.2215/CJN.00360114

McCann M, Higgins K, Perra O, et al. Adolescent
ecstasy use and depression: cause and effect, or
two outcomes of home environment? Eur J Public
Health 2014; 24(5): 845-50.
https://doi.org/10.1093/eurpub/cku062

Campbell GA, Rosner MH. The Agony of Ecstasy:
MDMA (3,4-Methylenedioxymethamphetamine)
and the Kidney. CJASN 2008; 3(6): 1852-60.
https://doi.org/10.2215/CIN.02080508

Beaumier M, Rioult JP, Georges M, et al.
Mushroom Poisoning Presenting With Acute
Kidney Injury and Elevated Transaminases.
Kidney Int Rep 2019; 4(6): 877-81
https://doi.org/10.1016/j.ekir.2019.02.016

Stolic R, Jovanovic A, Zivic Z, et al. Influence of
the Level of Renal Insufficiency on Endoscopic
Changes in the Upper Gastrointestinal Tract. Am J
Med Sci 2008; 336(1): 39-43.
https://doi.org/10.1097/MA].0b013e31815bfall

Stolic R, Milic MJ, Mitrovic V, et al. Influence of 1-
carnitine supplementation on regulation of
anemia and intradialytic hypotension of patients
on hemodialysis - our experiences. Acta Med
Mediterr 2022; 38: 3787.

Allen JH, de Moore GM, Heddle R, Twartz JC.
Cannabinoid hyperemesis: cyclical hyperemesis
in association with chronic cannabis abuse. Gut
2004; 53(11): 1566-70.
https://doi.org/10.1136/gut.2003.036350

Sontineni SP, Chaudhary S, Sontineni V, Lanspa
SJ. Cannabinoid hyperemesis syndrome: clinical

27.

28.

29.

30.

31.

32.

33.

34.

Radojica Stoli¢, Marija Mili¢, Vekoslav Mitrovic et al.

diagnosis of an underrecognised manifestation of
chronic cannabis abuse. World ] Gastroenterol
2009; 15(10): 1264-6.
https://doi.org/10.3748/wjg.15.1264

Hermes-Laufer J, Del Puppo L, Inan I, et al
Cannabinoid Hyperemesis Syndrome: A Case
Report of Cyclic Severe Hyperemesis
Abdominal Pain with Long-Term Cannabis Use.
Case Reports in Gastrointestinal Medicine vol.
2016, Article ID 2815901, 4 pages, 2016.
https://doi.org/10.1155/2016/2815901

and

Simonetto DA, Oxentenko AS, Herman ML,
Szostek JH. Cannabinoid hyperemesis: a case
series of 98 patients. Mayo Clinic Proceedings
2012; 87(2): 114-19.
https://doi.org/10.1016/j.mayocp.2011.10.005

Joshua RL. The nephrologist's guide to cannabis
and cannabinoids. Current Opinion in
Nephrology and Hypertension 2020; 29(2): 248-57.
https://doi.org/10.1097/MNH.0000000000000590

Park F, Potukuchi PK, Moradi H, Kovesdy CP.
Cannabinoids and the kidney: effects in health
and disease. Am ] Physiol Renal Physiol 2017;
1;313(5): F1124-F1132.
https://doi.org/10.1152/ajprenal.00290.2017

Godrati S, Pezeshgi A, Valizadeh R, et al. Acute

and delayed nephropathy due to
methamphetamine abuse. ] Nephropathol 2020;
9(3):e22.

https://doi.org/10.34172/inp.2020.22

Baradhi KM, Pathireddy S, Bose S, Aeddula NR.
Methamphetamine (N-methylamphetamine)-
induced renal disease: underevaluated cause of
end-stage renal disease (ESRD). BMJ] Case Rep
2019; 19;12(9): 230288.
https://doi.org/10.1136/bcr-2019-230288

Orth SR. Effects of smoking on systemic and
intrarenal hemodynamics: influence on renal
function. ] Am Soc Nephrol 2004; 15: S58-63.
https://doi.org/10.1097/01.ASN.0000093461.36097.D5

Liao D, Ma L, Liu J, Fu P. Cigarette smoking as a
risk factor for diabetic nephropathy: a systematic

Acta facultatis medicae Naissensis 2024; 41(2):


https://doi.org/10.1016/j.ccl.2005.09.003
https://doi.org/10.1155/2013/245253
https://doi.org/10.2215/CJN.00360114
https://doi.org/10.1093/eurpub/cku062
https://doi.org/10.2215/CJN.02080508
https://doi.org/10.1016/j.ekir.2019.02.016
https://doi.org/10.1097/MAJ.0b013e31815bfa11
https://doi.org/10.1136/gut.2003.036350
https://doi.org/10.3748/wjg.15.1264
https://doi.org/10.1155/2016/2815901
https://doi.org/10.1016/j.mayocp.2011.10.005
https://doi.org/10.1097/MNH.0000000000000590
https://doi.org/10.1152/ajprenal.00290.2017
https://doi.org/10.34172/jnp.2020.22
https://doi.org/10.1136/bcr-2019-230288
https://doi.org/10.1097/01.ASN.0000093461.36097.D5

Review article

35.

36.

37.

38.

39.

40.

41.

42.

review and meta-analysis of prospective cohort
studies. PLoS One (2019) 14:e0210213.
https://doi.org/10.1371/journal.pone.0210213

Tahbaz R, Schmid M, Merseburger AS.
Prevention of kidney cancer incidence and
recurrence: lifestyle, medication and nutrition.
Curr Opin Urol 2018; 28: 62-79.
https://doi.org/10.1097/MOU.0000000000000454

Béchade C, Le Maitre B, Lobbedez T, et al
[PRETAGREF study: prevalence of tobacco use
and factors associated with smoking cessation in
kidney transplant recipients]. Nephrol Therapeut
2016; 12: 48-55.
https://doi.org/10.1016/j.nephro.2015.08.001

Kiss G, Szalontai L, Wagner L, et al. Survey about
the cancer risk of renal transplant recipients.
Transpl Proc 2015; 47: 2196-7
https://doi.org/10.1016/j.transproceed.2015.07.025

Liu S, Chaudhry MR, Berrebi AA, et al
Polyomavirus Replication and Smoking Are
Independent Risk Factors for Bladder Cancer
After Renal Transplantation. Transplantation
2017;101(6):1488-94.
https://doi.org/10.1097/TP.0000000000001260

Jhee JH, Joo YS, Kee YK, et al. Secondhand Smoke
and CKD. Clin ] Am Soc Nephrol 2019; 5;14(4):
515-22.

https://doi.org/10.2215/CJN.09540818

Zipf G, Chiappa M, Porter KS, et al. National
health and nutrition examination survey: plan
and operations, 1999-2010. Vital Health Statist Ser
1 Prog Collect Proced 2013; 2013: 1-37.

Omoloja A, Jerry-Fluker ], Ng DK, et al
Secondhand smoke exposure is associated with
proteinuria in children with chronic kidney
disease. Pediatr Nephrol 2013;28(8):1243-51.
https://doi.org/10.1007/s00467-013-2456-1

Caimi G, Hopps E, Montana M, et al. Nitric oxide
metabolites (nitrite and nitrate) in several clinical
condition. Clin Hemorheol Microcirc 2014; 56(4):
359-69.

https://doi.org/10.3233/CH-131758

43.

44.

45.

46.

47.

48.

49.

50.

Salvatore SP, Troxell ML, Hecox D, et al
Smoking-related glomerulopathy: expanding the
morphologic spectrum. Am ] Nephrol 2015; 41:
66-72.

https://doi.org/10.1159/000371727

Leonberg-Yoo AK, Rudnick MR. Tobacco Use: A
Chronic Kidney Disease Accelerant. Am ]
Nephrol 2017; 46: 257-9.
https://doi.org/10.1159/000481209

de Boer IH, Sibley SD, Kestenbaum B, et al.
Diabetes Control and Complications
Trial/Epidemiology of Diabetes Interventions and
Complications Study Research Group. Central
obesity, incident microalbuminuria, and change in
creatinine clearance in the epidemiology of
diabetes interventions and complications study. ]
Am Soc Nephrol 2007; 18(1): 235-43.
https://doi.org/10.1681/ASN.2006040394

Jacob S, Héry M, Protois JC, et al. New insight into
solvent-related  end-stage disease:
occupations, products and types of solvents at
risk. Occup Environ Med 2007; 64(12): 843-8.
https://doi.org/10.1136/0em.2007.032482

renal

Browne T, Seay KD, lachini A, et al, University of
South Carolina College of Social Work, Columbia,
SC: Substance Use Disorders and Kidney Disease:
Implications for Nephrology Social Work Practice.
National Kidney Foundation Journal of
Nephrology Social Work 2017; 41(1): 9-18.
https://doi.org/10.61658/jnsw.v41i1.61

Luciano RL, Perazella MA. Nephrotoxic effects of
designer drugs: synthetic is not better! Nat Rev
Nephrol 2014;10(6): 314-24.
https://doi.org/10.1038/nrneph.2014.44

Larabi IA, Fabresse N, Etting I, et al. Prevalence of
New Psychoactive Substances (NPS)
conventional drugs of abuse (DOA) in high risk
populations from Paris (France) and its suburbs A
cross sectional study by hair testing (2012-2017).
Drug and Alcohol Dependence 2019, 204,
pp-107508
https://doi.org/10.1016/j.drugalcdep.2019.06.011

and

Albertson TE. Recreational drugs of abuse. Clin
Rev Allergy Immunol 2013; 46: 1-2.

Acta facultatis medicae Naissensis 2024; 41(2):


https://doi.org/10.1371/journal.pone.0210213
https://doi.org/10.1097/MOU.0000000000000454
https://doi.org/10.1016/j.nephro.2015.08.001
https://doi.org/10.1016/j.transproceed.2015.07.025
https://doi.org/10.1097/TP.0000000000001260
https://doi.org/10.2215/CJN.09540818
https://doi.org/10.1007/s00467-013-2456-1
https://doi.org/10.3233/CH-131758
https://doi.org/10.1159/000371727
https://doi.org/10.1159/000481209
https://doi.org/10.1681/ASN.2006040394
https://doi.org/10.1136/oem.2007.032482
https://doi.org/10.61658/jnsw.v41i1.61
https://doi.org/10.1038/nrneph.2014.44
https://doi.org/10.1016/j.drugalcdep.2019.06.011

Radojica Stoli¢, Marija Mili¢, Vekoslav Mitrovic et al.

https://doi.org/10.1007/s12016-013-8382-y 52. Luciano RL, Perazella MA. Nephrotoxic effects of
designer drugs: synthetic is not better! Nat Rev
51. D'Errico S, Zanon M, Radaell D, et al. Acute Nephrol 2014;10(6): 314-24.
Kidney Injury (AKI) in Young Synthetic https://doi.org/10.1038/nrneph.2014.44
Cannabinoids Abusers. Biomedicines 2022; 10:
1936.

https://doi.org/10.3390/biomedicines10081936

Article info

Received: August 21, 2023
Accepted: December 22, 2023
Online first: April 24, 2024

Nefrotoksicni uticaj psihoaktivnih supstanci

Radojica Stoli¢!, Marija Mili¢?, Vekoslav Mitrovi¢3, Andrijana Karanovi¢?, Kristina Bulatovic¢?, Dragisa Rasic?,
Milica Mirovi¢4, Branka Miti¢o6

Univerzitet u Kragujevcu, Fakultet medicinskih nauka, Katedra za interne bolesti, Kragujevac, Srbija
2Univerzitet u Pristini sa privremenim sediStem u Kosovskoj Mitrovici, Medicinski fakultet, Kosovska Mitrovica, Srbija
SUniverzitet u Istocnom Sarajevu, Medicinski fakultet Foca, Foca, Republika Srpska, Bosna i Hercegovina
*Univerzitetski klinicki centar Kragujevac, Klinika za nefrologiju i dijalizu, Kragujevac, Srbija
SUniverzitet u Nisu, Medicinski fakultet, Nis, Srbija
¢Univerzitetski klinicki centar Nis, Klinika za nefrologiju, Ni$, Srbija

SAZETAK

Uvod/Cilj. Iako metabolizam i efekti zloupotrebe psihoaktivnih supstanci jos nisu u potpunosti shvaceni,
ocigledno je da predstavljaju ogroman rizik po zdravlje pojedinca. Cilj ovog rada bio je da predstavi pregled
objavljenih rezultata o uticaju zloupotrebe psihoaktivnih supstanci na funkciju bubrega.

Metodologija. Za pretragu literature o zloupotrebi droga i njihovom uticaju na funkciju bubrega koris¢ene
su baze podataka PubMed i MEDLINE.

Rezultati. Za potrebe ovog rada nadeno je 79 studija ¢iji je cilj bio da prikazu pregled objavljenih rezultata o
uticaju zloupotrebe psihoaktivnih supstanci na funkciju bubrega kod ljudi. Manifestacije specificne
zloupotrebe nedozvoljenih droga na bubrezima bile su ukljucene u ovaj pregled.

Zakljucak. Razumevanje nefrotoksi¢nog profila izazvanog upotrebom psihoaktivnih supstanci predstavlja
osnovu za adekvatnu procenu rizika i unapredenje lecenja oboljenja bubrega koja su nastala kao posledica.

Kljucne reci: zloupotreba, psihoaktivne supstance, bolest bubrega, nefrotoksicnost, komplikacije
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